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Here we demonstrate significant similarities between the amino acid sequences of trypsin (a serine protease) 
and the N-terminal piece of a specific fragment of the poliovirus polyprotein encompassing the sequence 
of the viral proteinase 3C, and also between cathepsin H (a cysteine protease) and the C-terminal piece of 
the same fragment. A coherent alignment of the sequences of the 3 proteases was obtained, in which the 
principal catalytically active residues occupy identical positions. A hypothesis is proposed that the viral en- 
zyme may provide an evolutionary link between serine and cysteine protease families. 
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1. INTRODUCTION 
Some 20 years ago Lowe [2] noticed a limited 
similarity between the amino acid sequences 
around the catalytic Cys residue of papain-like 
proteinases and the catalytic Ser of chymotrypsin- 
like proteinases. He proposed that these enzymes 
could have a common evolutionary origin. 
However, the structurally similar fragments of the 
2 classes of proteinases are located at opposite ends 
of the cofresponding polypeptide chains, i.e. the 
catalytic Cys of the thiol enzymes is near the N- 
terminus, while the catalytic Ser of the serine en- 
zymes is near the C-terminus. This precludes direct 
alignment of these proteinases, and it is generally 
believed that they evolved independently [3]. 
Recently, a new group of related proteases en- 
coded by the genomes of small RNA viruses of 
eucaryotes, picornaviruses, was identified [4-71. 
These enzymes are designated 3Cpro p] and consist 
Abbreviations: PV, poliomyelitis virus (poliovirus); 
Cat.H, rat cathepsin H; TRP, bovine trypsin; PTRPG, 
rat protrypsinogen. Amino acid residues are designated 
according to the one-letter code [l] 
Positive RNA virus Enzyme evolution 
of approx. 180-220 amino acid residues. In the 
course of picornavirus infection, 3CPTo is generated 
via self-cleavage of the single precursor of all viral 
proteins, the so-called polyprotein [7,9,10]. In the 
free form, 3Cpro participates in controlled 
multistep processing of the polyprotein [5,6,11]. 
The 3CpTo group belongs to the cysteine protease 
family, as demonstrated by inhibitor analysis of 
the encephalomyocarditis virus (EMCV) protease 
[12,13] and also by comparison of the primary 
structure of the proteases of different picorna- and 
comoviruses ([14]; unpublished). In the latter 
studies, a catalytically active Cys residue located 
near the C-terminus of the 3Cp“’ molecule was ten- 
tatively identified. 
In our previous report, we have demonstrated a
statistically valid similarity between the sequences 
of a fragment of poliovirus 3CPTo containing the 
presumed catalytic Cys residue and of the so-called 
serine loop of trypsin containing the catalytic Ser 
[15]. Here we extend these findings and show that 
a poliovirus-encoded precursor of 3Cpro may pro- 
vide an evolutionary link between serine 
chymotrypsin-like and cysteine papain-like pro- 
tease families. 
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2. MATERIALS AND METHODS 
Amino acid sequences were compared on an 
ES-1060 computer. We used modified versions of 
programs DIAGON [16] (lacal homologies) and 
OPTAL [ 17,181 (optimal alignment sequences with 
gaps). In bath programs the score matrix MDM78 
was exploited [19]. The sequences of the polypro- 
teins of picorna- and comoviruses and of cellular 
serine and cysteine proteinases were taken from 
Dayhoff’s Atlas {20] or from [21-371. Secondary 
structure predictions were made according to the 
algorithm ALBEAL of Finkelstein and Ptitsyn 
[45,46]. 
3. RESULTS AND DISCUSSION 
In the course of the computer search of local 
homologies between known amino acid sequences 
of proteases of cellular organisms and viral 
polyproteins, the most statistically significant 
similarity was observed between trypsin and 
poliovirus 3CpTo. In fact, when a high probability 
threshold was used, C-terminal regions of these 
proteases were the only 2 fragments picked up as 
similar (fig. la). 
The fragment of the polyprotein which 
displayed the most statistically significant similari- 
ty with the cysteine protein&se cathepsin H was 
located in the same portion of the polyp~~tein, 
somewhat nearer the C-terminus, encompassing 
also the N-terminal piece of the viral RNA 
polymerase 3DP” (fig. 1 b). 
The regions of homology with the cellular pro- 
teinases being thus mapped in the polyprotein, we 
found the optimal alignment between PTRPG, 
Cat.H and the respective structurally similar 
fragments of the PV polyprotein (fig.lc). The 
validity of the similarities was evaluated using the 
SD criterion. The obtained values were approx. 
4.25 SD for PV vs PTRPG and approx. 3.80 SD 
for PV vs Cat.H (residues 24-156) (there was no 
significant sequence similarity between N- and C- 
terminal fragments of Cat,H and corresponding 
portions of the polyprotein). The observed degree 
of similarity is in a range which might be indicative 
of a common evolutionary origin if some addi- 
tional evidence for this (i.e. common function) is 
available [38,39]. No Iess striking is the fact that in 
optimal alignment of 3 poly~eptides the principal 
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Fig.1. Comparison of the amino acid sequences of the 
PV poIyprotein and 2 ceIldar proteinases. All possible 
pairing of residue blocks of varying length (i; 11 < I < 
150) from the 2 proteins were compared and alf those 
matching with a given double matching probability Cp) 
[39] were recorded by a diagonal line at the 
corresponding coordinates. Two comparisons in which 
the most statistically significant simifarities were 
observed are shown: (a) TRP vs PV @ g 5 x lo-?, I = 
23); (b) Cat.H vs PV (p 6 10°5, I = 1 IS); (c)best-fit parts 
of 2 optimal alignments of the amino acid sequences of 
PTRPG and Cat.H with a fragment of the PV 
polyprotein. For residues 150-160 the alignment was 
corrected by hand to obtain a better fit. Identical 
residues are boxed; fun~tion~Iy similar residues [131 are 
underlined. * Catalytic Cys of Cat.H and 3Cp” and 
catalytic Ser of PTRPG. 
catalytic Ser residue of PTRPG and the presumed 
cat~yti~~ly active Cys residues of Cat&I and 
3CPr* occupy identical positions (fig-l@. The 
region of the polyprotein encompassing the 
segments imilar to both TRP and Cat.H roughly 
corresponds to a viral protein 3C’ (formerly 
P3-6a), which is derived in infected cells by alter- 
native processing of the polyprotein [S]. The rela- 
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Fig.2. A schematic diagram depicting the reIationship 
between TRP, Cat.H, 3Cpm and 3C’ protein. In the PV 
polyprotein fragment all the cleaved sites are designated: 
t , Gln-Gly; 7 , Tyr-Giy. The parts of TRP, CatH and 
3C’ with the most significant similarity (see fig.lc) are 
marked with thick lines. The principal catalytic residues 
Cys and Ser are shown. 
tionship between these 3 proteins is schematically 
depicted in fig.2. 
Trypsin, Cat-H and PV 3Cpro belong to 3 
distinct families of proteases; upon comparing the 
sequences of other members of these families, we 
did not find the same principal catalytic residues 
(Ser or Cys), a reasonable similarity was observed 
(fig.3). Notably, among the conserved residues in 
these fragments there are some Gly; many other 
positions are occupied by functionally similar 
(mainly hydrophobic) residues. It is necessary to 
emphasize that, for cellular serine proteases 
[41,42], as Well as for viral enzymes ([14]; un- 
published), the aligned segments represent the 
most highly conserved region of the molecules. In 
cellular serine and cysteine proteinases, these 
segments form topologically distinct loops [43,44]. 
The tertiary structure of the viral proteinases 
discussed here is unknown, but theoretical predic- 
tions of their secondary structure suggest hat the 
region in question forms a &fold similar to the 
serine loop of chymotrypsin-like proteinases. 
It should be noted here that, despite all the dif- 
ferences between them, cellular serine and cysteine 
proteinases share some common properties. 
Several thoroughly studied enzymes of these 
families, for example, ch~otr~sin and papain, 
are two-domain proteins enriched with P-sheets 
[44,47]; they also form structurally similar 
enzyme-substrate complexes [48]. This similarity is 
usually regarded as a manifestation of structural 
constraints imposed on proteins with similar func- 
tions [49,X)]. 
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Fig.3. Alignment of evolutionarily conserved fragments of serine chymotrypsin-like proteinases, cysteine proteinases 
of positive-strand RNA viruses and cysteine papain-like proteinases. The positions occupied by identical residues in 
more than one-half of ail sequences of 2 or 3 protease families are boxed; functionally similar residues are underlined. 
CHT, bovine chymotrypsin A; THR, bovine thrombin; GSP, rat group-specific proteinase; SGPA, proteinase A from 
Streptomyces griseus; Cat-B, rat cathepsin B; PAP, papain; ACN, actinidin; SPR, Streptococcus proteinase; CPMV-B, 
cowpea mosaic virus B component; EMCV, encephalomyocarditis virus; FMDV, foot-and-mouth disease virus; HAV, 
hepatitis A virus; HRV, human rhinovirus. For other details see legend to fig.1. 
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The results presented here suggest, however, an 
alternative view of the evolution of proteolytic en- 
zymes. We believe that these proteinases and 3C 
proteinases have a common (though very distant in 
the past) evolutionary origin and should be includ- 
ed in a single vast superfamily of proteins [19,38]. 
If so, it is quite intriguing that this superfamily ac- 
commodates proteinases of a very different kind. 
Indeed, 3Cpro is a cysteine enzyme and its sequence 
is encoded within the viral RNA genome; trypsin 
and Cat.H are both coded by eucaryotic DNA 
genes, but belong to different classes of pro- 
teinases, i.e. serine and cysteine, respectively. 
Undoubtedly, the postulated superfamily of 
proteinases is a very ancient group of enzymes, 
representatives of which have been found in every 
species tudied so far (see [.51]). In this superfamily 
a protein of an RNA virus (PV) may form an 
evolutionary linkage between serine and cysteine 
cellular proteinases (cf. fig.2). The obvious in- 
ference of this observation is that the amino acid 
sequences of this viral protein may have the highest 
resemblance of the primordial proteinase se- 
quence. This conclusion is in agreement with the 
Eigen-Shuster hypothesis [SZ] that positive-strand 
RNA viruses (to which PV belongs) may be the 
closest contemporary relatives of the first self- 
replicating molecufes and, therefore, their enzymes 
may be structurally similar to primordial ones. 
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